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A COMPAR ISON OF INFORMATION FUNCTIONS OF MULTIPLE-CHOICE
AND FREE-RESPONSE VOCABULARY ITEMS

The multiple—choice item format used by most group tests of mental ability
allows testees to obtain correct answers by guessing when they do not know the
correct answer. This adds error variance to test scores or, in terms of modern
test theory (see Lord & Novick, 1968, chaps. 16—20), decreases the amount of
information that the item provides about ability levels.

Several attempts have been made to eliminate guessing by making its effects
less attractive: Formula scoring (i.e., correction for guessing) subtracts
points for items answered incorrectly , making the expected gain from guessing
negligible; confidence weighting and probabilistic responding strategies
typically use Reproducing Scoring Systems (Shuford, Albert, & Massengill, 1966)
which cause testees’ subjective test scores (i.e., the score they think they
will get) to be maximized when they answer honestly. Another scoring technique
attempts to eliminate the effects of guessing by simply not scoring those items
on which a testee is likely to guess (Wailer, 1974). These approaches and
others have been reviewed by Bejar (1975).

The research reported here was an attempt to eliminate the effects of
guessing by making it virtually impossible to obtain a correct answer to a
question solely by guessing. This was done by administering items in a free—
response format in which testees were required to generate their own response
instead of choosing from several alternatives that are provided. To be practical
as a group testing approach (i.e., as an alternative to multiple—choice items),
these items had to be administered and scored by a computer.

The question of interest guiding this research was, therefore: Will the
information gained due to the elimination of guessing using the free—response
format be greater than the information lost due to inefficiencies in the machtne—
scoring algorithm? Inefficiencies refer to things such as a higher probability
of errors in responses (e.g. , typing errors) due to the more complex format , and
the need to group responses into categories because they are too numerous to
handle individually.

The answer to this question is obviously dependent on the domain of ability
being tested. There is practically no inefficiency in the scoring of free—
response numerical items; thus, these items do not provide an interesting area
of study. Vocabulary items, in which the responses are English words, provide
a more interesting area of study because information will be lost due to
misspelling, categorization, etc. The objective of this study was, therefore,
to determine if a machine—scoring algorithm could be implemented to extract more
information out of free—response vocabulary items than was obtained from those
administered in a multiple—choice format .

Method

Purpose

This study involved a comparison of vocabulary test items administered in a
free—response format with similar vocabulary items administered in a multiple—choice
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format in terms of the amount of information each provided regarding a testee ’s
level of ability. Toward that end , 20 five—alternative multiple—choice items
were randomly sampled from a 36—item conventional test with rectangularly
distributed item difficulties used as part of another study . These items were

• obtained from Educational Testing Service and had been used in their SCAT and
STEP tests; the items had thus been carefully analyzed and were good multiple—
choice items. The stem words from these items provided the stems for 20
free-response items. In the free-response items, testees were asked to respond
with a synonym rather than indicating their choice of multiple—choice alternative.

Testees

In order to provide data from which to calibrate these items and thus deter-
mine their information functions, testees were recruited from two sections of
an introductory psychology class at the University of Minnesota consisting pri-
marily of sophomores from the College of Liberal Arts. Test items were presented
to testess via cathode ray terminals (CRT5) interfaced to a Hewlett—Packard 9600E
real—time minicomputer system. Items were displayed at a rate of 960 characters
per second (almost instantaneously) beginning, typically, less than a second after
the testee’s response to the previous item. Testees could skip items by typing
in a “?“ as their response if they did not know the answer and chose not to guess.

Tests

Both the 20—item free—response test and the 20—item multiple—choice test
were administered to all students. In el.l cases, the free—response test was
administered first (following other multiple—choice items which were independent
of thoee used in this study) followed imsediately by the multiple—choice test
i~~edded in the 36—item test. The multiple—choice test was administered second
to avoid providing the testees with alternatives to use in the free—response
test (since all the free-response items were present as stems in the multiple—
choice test).

At the beginning of the free—response test, each testee was given the
following instructions on the CRT:

Now you are going to be given ac~ne vocabulary teat questions which
are d~ff.r.nt f rcei thos. you ’ve answered so far. These questions will
not r.qui,v you to choose th. correct respon se fr om a set of alternatives .
Instead, you are to typ . in a one-word response . The computer will  present
a word or phras e and you are to respond by typing, on the keyboard, the
sing le Word that i. most alike in meaning to that word or phrase.

For .x~spl.. the compu ter might p resent the word “wealthy ”, fo llowed
by a qu.atttciz mark. If you thought the word moat similar to “wealthy”
was “rich”, you woul.d respond by typing the word “rich ” after th. question
mark.

I~iwn th. word “wealthy” appears , typ. in th, word “rich” after the
question mark to shot~ that you unders tand the instructions. If you do not
understand the instructions, typ . in a question mark. Remember that you
ni~at aivc~.s pr ess the return key when you have f inished typing in your
response.

— 

-
~~~~ 

~~~~~~ ~~~ 

~~~~~~~~~~~~~~ 1~ ~

-~ 

-

~~



—3—

-~~~~

9

If teatees failed to enter the word tI rich~I , they were given instructions
to call the proctor for assistance. Otherwise , the following message was
presented:

Now you are ready to take this part of the teat. I f  you do not
know the answer to a question, type in a question mark to skip tha t question .

Type in “Go ” to star t the test.

At the end of the free-response test, the following transition back to
more multiple—choice items was made:

Thank you. That was the las t question of that type . Now, for  the
las t part of today ’s test we are going to give you some more multip le-choice
vocabulary questions . Some of these questions will contain the same words
you encountered in the section you jus t f inished. These questions are being
repeated so that we can compare how well you do when we don ’t provide the
alternatives. When answering these questions, choose the beat alternative
from the five avai lable even i f  none of these alternatives seem as good as
your own response.

Type in “Go ” to start this section of the teat.

Following the 36—item multiple—choice test, other testing continued.

Analysis of Free Responses

Data were collected from 660 testees. More than 60 formally different
responses (i.e., words that were not exactly the same) were obtained for each
of the 20 free-response stems. Due to computer—program limitations, these
raw responses were reduced to the 60 most frequent responses. To complete the
analysis, this number had to be further reduced—imsediate].y to nine categories
and ultimately to six (again because of program limitations).

The many different responses generated by the testees consisted of four
distinct types: 1) frequent responses, both correct and incorrect; 2) misspell-
ings of the frequently used words; 3) variations on the roots of these words
(e .g. , “loyal” and “loyalty”); and 4) infrequent responses not included in Type
2 or 3. To reduce the number of categories, all responses were first ranked in
order of their frequency. Then the most frequent response and other formally
similar responses (i. s., composed of a similar string of letters) were grouped
into a category, using a formal similarity detection technique based on
Alberga’s (1967) “algorithm 25” with the recommended threahhold of .12. This
algorithm and threshhold proved best, out of a field of 65 in a simulation
by Alberga, for recognizing misspellings of target words. Visual inspection of
the present data suggested that this technique did indeed recognize misspelled
words. In this study, the technique was used to detect both misspellings and 4
variation. of roots. The Fortran IV subroutine used is included in Appendix A.

•
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Response clustering continued until eight formally similar clusters (usually
including one “omit” category) had been identified. A final “other” category ,
containing all other responses, completed the nine categories manageable by the
programs used at this point in the analysis.

These nine categories were then clustered on the basis of judged semantic
similarity in an attempt to have at least 30 responses in each category (a number
arbitrarily chosen as a minimum for acceptable calibration of the category).
Words that were semantically very similar were clustered; infrequently used and
definitely incorrect words, when present, were clustered with the “omit” category;
infrequent responses not semantically similar to any of the other categories and
not completely incorrect were clustered with the “other” category. The nine
initial categories and their ultimate classifications are presented in Appendix
Table B—i.

An attempt was made to semantically cluster the alternatives of the multiple—
choice items, but no semantic similarity was found. Alternatives were thus
either allowed to stand alone if their frequency of endorsement was high enough
or were grouped into an “other” category if it was not. The multiple—choice

- 

- alternatives and their ultimate classifications are presented in Appendix
- - Table B—2.

Item Calibration

The item responses thus categorized were then calibrated according to Bock’s
(1972) polychotcuous logistic model using the program LOGOG (Kolakowski 6 Bock,
1973) . Bock’s program yields two parameters , a and c, for each response category
of each test its.. It should be noted that the a and c parameters have
different interpretations than the a and a parameters usually calculated in item
characteristic curve theory (e.g., Lord 1, Novick, 1968) .

Let i and j index the I”J categories of a given item. The probability
(Pj) of a testes endorsing category j as a function of ability (8) is:

P
1 

— £ [13
i—I

where

z~ .o~ +a~e [2)

and aj and c, represent the parameters corresponding to category i of the item.

The parameters a and a , and the function 05i might be psychologically

interpreted as follow.: ~~~ can be thought of as the attractiveness of response
alt.rmative (or category) i of the ite. as perceived by the testes . A. ~~~ gets
larger, catego ry i becomes more attractive to the testes. But in deciding which
alternative to endor se, the testes mast also consider the attractivenes, of the

~~~ -~~
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other response alternatives for tha t item . Thus , according to the model , the
r - testee’s probability of endorsing a category (Equation 1) is equal to the

attractiveness of a given category divided by the sum of the attractiveness of
- . all the categories. The function, e5i, is a monotonic increasing function of

and is either a monotonic increasing or monotonic decreasing function of
ability (8) depending on the sign of the parameter a~ (Equation 2). As a~
increases in absolute value, a given change in ability is associated with a
larger change in attractiveness. Thus, a~ may be thought of as an index of
category discriminating power. If a~ is positive, attractiveness increases
with increasing ability. o~ can be interpreted as an attractiveness—biasing
parameter. As a category’s a parameter increases, the attractiveness of the
category gets larger at all levels of ability. When 0—0, the attractiveness
of the categories is ranked in order of their a parameters.

Calculation of Information

Using the category parameters obtained from the item calibration, item
information was calculated from Saaejima ’s (1969, chap. 6) general equations.
The first and second derivatives of the probability function are given by:

•
1 

•
— a~jao — (e~J 

. E e5t( a ._ a . ) ]  / ( E e~~) (31
I, I! i=1 i—I

and
I I IP — a2p1,ao

2 — e5j [( E e5~) (  Z eZi (a 2._a 2.) ) _  2( E e5i( a ._a .) )
i—i i=1 ~ i=1 ~

I I
( E e5

~a~) J / (  E e2i)~ [41i—I i—i
The information provided about ability by an item as a function of ability1(8) is then given by Equation 5 where:

J
1(8) — E (P~

2/P.—P~~) [5]
j”l ~

Item information values were calculated from Equation 5 for each multiple—choice ite. and each f ree—response item at 25 points along the ability continuumbetween 0 — 3  to 8—43. For each response format at each of the 25 ability levels,information values for each of the items were added together to yield a test
information value , and a smoothed curve was passed through these values to yieldthe two test information functions .

Results
- 

— 
- Item Para meters -

The item par ameters , a and c, along with chi—square goodn.ss..of—f it statis —tics are shown in Table 1 (free—resp onse) and Table 2 (multiple—choice) . Free—
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response items 11 and 19 (Table 1) showed lack of f i t  with the logistic model
significant at p<.05, but the other items exhibited no significant lack of f i t .
Multiple—choice items 12, 17, 18, 19, and 20 (Table 2) showed significant lack
of fit with the model. This lack of f i t  is probably an effect of guessing,
which Bock ’s model assumes does not occur . Although testees were given the
opportunity to omit items , it is likely that some guessed anyway ; items 17
through 20 were the most difficult items and thus most likely to elicit guessing
behavior. Item 18 showed profound lack of fit and had extremely unrealistic
item parameters in the multiple—choice format. It was therefore excluded from
further analyses in both the multiple—choice and free—response formats.

Information

Smoothed test information functions for both the multiple—choice a-nd free—
response tests are shown in Figure 1. Test information values for both tests
are included in Appendix Table B—3.

Figure 1
Test Information Functions for Two 19—Item Tests

10 . .

• 1 8

H
6 - \

I 4k~ \4 40,~

ABILITY LEVEL (0)

Figure 1 shows that both tests were too easy for the population to which
they were applied in this study because they provided maximal information at
about 8 1.5; assumin g 8 distributed normally with a mean of zero and a standard
deviation of 1.0 , the test information function should have peaked at 0—0 to
provide th. highest reliability coefficient.
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But more importantly, Figure 1 shows that while items administered in the
two response formats provided equivalent amounts of information near ability
levels where the information function peaked, the f ree—response items yielded
more information at the higher ability levels. Simply removing the effects of
guessing should result in increased information at low—ability levels rather
than at high ones because the effects of guessing are greater at low—ability
levels (see Figure 20.4.2 in Lord & Novick, 1968). But the free—response
format involves a recall task (rather than a recognition task as in the multiple—
choice test format), and this probably made the items more difficult , thus
shifting the information function to the right.

These information functions should be viewed further in light of the ease
of construction of the two types of items. The multiple—choice items were
undoubtedly written by professional item writers at ETS , selected for their
ability to discriminate ability levels, and were designed with well—functioning
distractors. Beyond selection of the stems (which, in this study, were fixed
by the multiple—choice items), the 20 free—response items required only a
few minutes of computer time to score and about one hour to develop . With
further research, designed to develop guidelines for selection of good stems ,
good free—response vocabulary items would be much easier to produce than are
mu - i~ple—choice items.

Conclusions

This study has shown that vocabulary items presented in a free—response
format can provide more information than similar items presented in a multiple—
choice format. There are two probable sources of this superiority. First ,
obtaining a correct answer by- guessing is not possible using the free—response
format, and information lost, due to the uncertainty about whether testees
answered correctly because they knew the answer or because they guessed, is
recovered. Secondly , more latitude in degree of correctness is present in
free—reapouse items than is typically present in multiple—choice items and a
testee’s degree of partial knowledge is easier to ausess. These advantages
apparently overshadowed any deficiencies present in the machine—scoring
algorithm used in this study.

This research was designed as a demonstration that the free—response format
scored by a computer is more informative than the multiple—choice format. It
was not a far—reaching comparison with all other potential response formats.
Future research should compare free—response items with other formats such as
a confidence—weighting format or a probabilistic format. It should also compare
them with multiple—choice items having more alternatives and/or wrong alternatives
graded in difficulty rather than all completely incorrect. (Although scored as if
they were gradable in this study, the alternatives of the items used were not

• designed to be graded in difficulty.) Future research should also investigate
the effects of various techniques of semantic clustering and detection of forma l
similarity.. The techniques used in this study were probably not optimal for

• extracting maximal information from the free—response items (i.e.,, the clustering
and similarity detection were clinical in nature and were not explicitly
designed to extract maximum information from the items) , and better techniques
should produce results even more favorable to the free—response format.
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APPENDIX A

A Fortran Subroutine for Assessing
I ~ the Formal Similarity of Two Words

(from Alberga, 1967)
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• APPENDIX B

T.bl. S—I
Cetsipripa — Claa~Ujcat tos for sack off 7bsqt~. ?rss-~s~pong. ftpno

It Category
So. St 1 2 3 4 S 4

1 to’ f l A i  t bearable (iso rupo,ss.) acceptable patient stendabi. (other)• ek.y widarstend vithetend

2 ALLZCWSCZ loyalty (iso resp.’ss.) support faithfulness pstriotisu ho.ot
pladge .lliencs (other)

3 CATAS7~~PU disaster (no Napenu) accident crisis
t.rribl. tragedy ness

ch*o.
(other)

4 DIHISISH i..s.n fads and (other)
d.cr.a,. reduce dis.pp.ar
&irink alIsr

S DI44OJ1ATZ clean (no ...pone.) p irf ac t p ure neat (other)
spotless hug. holy

4 ~~~ utC rscurring (no resp onse) constant lasting (et,.r)
h.bitual Mrlcus always persistent

7 m4*Gt r..p.c t (no respo nse) tribute prat.. (other)
honor slisgianc. worship

adoration

$ FLOG ubip (no respo nse) punish
- 

- beat nistabs (other)
• lash

speak
flagsliat.

S hats (no respons.) fear
detest sti ck hid.
dislike (etj ,.r)

10 DemE interfere (no respons e) stop block (other)
- 

••  hinder obstruct
daisy 

• 
prevent

11 W*DI*ID scold (no r.spons.) puniah (other)
adeoaish denial discipline
reprove correct

12 AdaGE saying (no aspen..) story (tither)
proverb addition cliche

phrase
tale

13 ~ CIAIX praise (no response) f ~~ otmcs (ot her)
recognition pren.onc.

honor
state

14 ~V*11I doubt (‘so ronp ons.) fight fear (other)
• ndsglving ars.set sorry

rsservatios

- • 
.- •~~~ IS OS) sphere (so renpo~iu) circle (other)

ball • eye roend
globe path

14 *1.10? sh outs (no response) distribute give .11ev (ether)
divide
rat ion

1? &~~imam~~ re.pesd (no respen..) rsoagais unde rst ond (other)
a~~~ r se apt esilsi knea

- • -  -~ Is ~~~Ifl pacify (no resp~ we) seethe ~~ due
sal. ck~~~s contort (other)

~UiSt

10 ~~~n asIa (so ,espc ..) dt~~ sI.pa (other)
psiet cresquiltue scion

4 pe suhi
• ~~ p~~~ m~gy ouseary (no rsq~rsu) p.ashlar (eIh.~)

a I tasseial stresge
- • different
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Table 5—2
Cat, or*ss end Clssstficaticns for sad, of ?wenty IbaleipIs—Qioice flues

4 Itun Cacsapr-y
S.. lIen I 2 3 4 5 6
1 TOLERAILE bearable free

flexible
Opsn—wi~ded
inferi or
(no response)

2 ALLEGIANCE loyalty r.sdin~legibility
pr•tscticn
fighting istit
(iso resp ons e)

• 3 CATASTSOflE cslaaity cslsbra tion
• charity

tsenination
prophecy
(no respo nse)

4 DIMINISH u .s.a flatten
default
,sndsrsin.
t t*ish
(no respons e)

3 I)bsCIJLATE spotless fashionable
dislingvish.d
tardy
powerless
(no response)

6 C**DHIC consta nt coward ly weak
record ed grouchy

• (no resp onse;

7 NOkIGE reverence abode bessis ss
food
sinhood

• (no response)

$ FLOG beat atu n tread (no rssp .nsc)
bother
soak

• 5 *111* detest frighten (no resp o’s J
• sicapt
4?. sops

reledde

10 D0~~s *bscract s~~~ n betray
go by foo t
inte r rogate
(‘so resp onse)

II IRIIIWID tsbuk. ref er to higher recall by denied repeatedly
authority cont rary send back

(no resp onst l
12 ADAGE pr overb later ,sars cu.ton nsntal weshnese (no resro.w.

noruel condition

13 £CGEADI applaud flaunt iedsuistfy elect denounce
( ‘so resr~~.e.

14 QUALM nie~iving feeling .f slat, of rest shudde r d.ty
sbus (Sc resrons.- ’

13 OS) epha rs scepter dune t r ack (So responor !
spur

• 5 ALLOT assign petuit incr ease
spend
seclude
(‘so response )

• 17 AC~S~ILLDGE sdsit understand leatn slowly
saunine with

eels
spiro ’s of
(no resp onse)

• II S)LLZP? app. ... sce~~~~ats isdeunify revise
p~~~er (no resp onse)

0 fRIll dignified salsi, seated
eld.feobiausd
f rail
(no response)

20 PEOSSIMT ueseIavp saserly dsslic.ta frequent s us.sl (‘so reeTona.)

• •,..._~~~~ 
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Table B—3
Teat Information Values for 19—Item

Fr.e-Response and Multiple—Choice Tests

Free Mttltiple
Theta Response Choice
—3.00 3.591 3.977
—2.75 4.637 4.828
—2 .50 5.843 5.771
—2.25 6.995 6.735
—2.00 7.785 7.580
—1.75 8.073 8.151
—1.50 8.039 8.342
—1.25 7.926 8.127
—1.00 7.776 1.552 —

-$ — .75 7.497 6.723
— .50 7.056 5.772
— .25 6.520 4.816

0 5.948 3.928
.25 5.344 3.151
.50 4.718 2.504
.75 4.108 1.986

1.00 3.556 1.583
1.25 - 3.081 1.274
1.50 2.681 1.039
1.75 2.346 .858
2.00 2.063 - .718
2.25 1.819 .607
2.50 1.607 .516
2.75 1.420 .441
3.00 1.254 .376
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